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Abstract 
Simulation of air flow around aircraft surface and rocket surface temperature have been 
attempted using internet-based CFD++, EasyCFD, FEM++ and FreeFEM software’s. 
Results are verified using that of MATLAB simulation results, and are found to be 100% 
correct. FEM, CFD and supercomputers has made these research areas into fast-track 
result-providers and simulation results into more accurate one. 
 




Fluidics in general and aerodynamics in 
particular can be fully described 
mathematically with the aid of the 
continuity, momentum (Navier-Stokes) 
and energy equations [1−10]. Though 
physics of fluid and derivation of 
equations are omitted, Table 1 enlists 
complete set of equations to analyze 
fluidics. These equations are the basis 
for the simulation of fluid flow over 
aircraft body, inside power plant, over 
rocket body, from rocket nozzle, etc 
[2−4, 8−10]. This research article briefs 
the use of these equations in aircraft and 
rocket analyses. Numerical solution 
schemes CFD and FEM are used along 
with softwares CFD++, EasyCFD, 
FEM++, FreeFEM and MATLAB. This 
modeling paper gives only brief 
applications of software-based fluidic 
research, a fast-track analyses and 
aerodynamic design of aircrafts and 
rockets[1−10]. 
 
Table 1: Fluidic PD equations. 
Property Equation Description 
Continuity   
  
   (  )    and or      v-velocity, ρ – 
density, t-time (s) 
Momentum 
 
NavierStokes  (  )
  
   (    )             
g - external forces, p – 
fluid pressure, ν –fluid 
viscosity, τ-shear 
stress 





      
Energy  (  )
  
   (   )    (   )       (  )    (   )       
  .v 
E-energy, q-heat flux, 
k-heat conductivity  
 
MATERIALS AND METHODS 
Typical aircraft that is being analyzed, is 
shown in Fig.1. It is a commercial 
medium-sized one. Similarly, typical 
rocket that is being analyzed, is shown in 
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geostationary orbit. CFD and FEM are 
simulation tools that predict fluid flows, 
with heat flows, mass transfers, phase 
changes (melting, freezing, boiling), 
chemical reactions (combustion, rusting), 
mechanical movements (of pistons, fans 
etc.), stresses objects inside fluids, etc. The 
modeling uses a computer to solve PD 
equations mentioned in Table 1, vide 
information of circumstances (initial and 
boundary conditions). Fig.3 briefs 
schematics of these simulation methods. In 
this modeling research work, CFD++ and 
EasyCFD (http: // www.easycfd.net) are 
used for full aircraft flight simulation [1,4, 
9, 10]. Online freewares FEM++ and 
FreeFEM (https: // freefem.org) are used for 
the simulation of rocket skin air temperature 
lines [3, 5−8]. MATLAB is also used for 
simulation of both aircraft flight fluid 
dynamic analysis and rocket skin air 
temperature lines. Programs written to solve 
the PD equations found in Table 1, in the 
aforesaid softwares that are used to solve 
fluid flow and fluid temperature over aerial 
vehicles. For example, Fig.4 shows a sample 




Figure 1: Aircraft in flight (Boeing). 
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macro Grad(u)[dx(u), dy(u), dz(u)]  
solve Poisson (u, v, solver=CG) 
    = int3d(Th)(Grad(u'*Grad(v)) 
    -int3d(Th)(1*v)+on(1,u=0); 
plot (u, nbiso=15); 
 
Figure 4: FreeFEMmeshing. 
 
RESULTS AND DISCUSSION 
CFD simulation explains well external 
aerodynamics that is a theoretical basis for 
aerospace technology, and aerodynamic 
calculations of modern aircraft and other 
vehicles. This branch of hydro-gas 
dynamics is becoming increasingly 
important in modern life due to the 
development of a new generation of 
commercial and military aircraft and 
unmanned aerial vehicles. CFD 
simulations in this area now play a very 
important role. Panel and other methods 
for preliminary estimates are still useful 
but a modern CFD approach allows for 
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information on vehicle performance, 
earlier in the design cycle [1, 8−10]. 
CFD++ and EasyCFD are the softwares 
that have been successfully used to 
simulate external aerodynamics in various 
studies, ranging from aerofoils to whole 
aircraft modeling, for physically feasible 
range of Reynolds numbers including 
subsonic, transonic and supersonic cases. 
Two models of air-borne crafts, aero plane 
and rocket are discussed in this article. 
 
Calculations for aircraft are analyzed in 
CFD online freewares CFD++, EasyCFD 
or MATLAB for following far field 
conditions: M = 0.85, P∞ = 201300 Pa and 
T∞ = 210.9 K. The angle of attack varies 
in range from 0° to 4°. The best results are 
obtainable on the model with local mesh 
around the aircraft and several refinements 
during calculation by SAR technology 
(Fig.5). Attention should be paid to fine 
mesh resolution in the neighborhood of 
wing leading edge. Lift coefficient, polar, 
pitching moment coefficient and chord 
wise pressure coefficient distribution at 
49.9% semi-span are obtained accurately 
from calculations and experiments. Good 
prediction of the lift and drag coefficients 
in linear area are achieved. All of these 
parameters were compared with 
experimental data. For developing this 
family of aircraft the latest science and 
technological developments in 
aerodynamics, strength, propulsion 
engineering, materials, electronics and 
ergonomics are applied in similar fashion. 
FEM solution scheme is a numerical 
technique to solve certain PD equations 
more accurately than other CFD schemes 
(FVM, FDM, etc.). It can also be used to 
solve the incompressible Navier-Stokes 
equations (Fig.6). Our large simulation 
area is divided into many small parts, 
called cells. Cells are made of nodes. In 
our application, these nodes are the grid 
nodes. Finding a partial solution for each 
cell and then combining them is much 
easier than finding the entire solution at 
once. In the context of fluid simulation, we 
create a 'local' matrix for each cell, which 
models the pressure influence of each 
node. Since air has a much lower density 
than water, we simply ignore all 
completely air-filled cells. In mixed cells 
containing fluid and air, we set the 
influence of air nodes to zero. Completely 
solid-filled cells can also be ignored. 
Mixed cells containing solid and fluid 
nodes are treated like completely fluid-
filled ones. The only difference is that the 
velocity of solid nodes is set the object's 
local velocity, which is zero in our 
application. All 'local' matrices are 
combined to a 'global' matrix. This 'global' 
matrix is sparse because only few elements 
around the diagonal are non-zero.  
 
In our application, FEM++, FreeFEM or 
MATLAB may solve this large matrix 
giving us the pressure field. If you want 
your own solver, the Jacobi iteration is 
probably the easiest algorithm. When 
using other algorithms, make sure the 
matrix is numerically stable, e.g. through 
pivoting. Next important item is boundary 
conditions that describe how the fluid 
interacts with other fluids or solid objects. 
Other fluids can be more viscous (honey) 
or less viscous (alcohol, air). The friction 
at fluid-solid interfaces determines if the 
fluid can slip along the solid. In other 
words, the fluid at an object can have a 
different velocity than the object. When 
the friction is zero, the boundary condition 
is 'free-slip'. When the fluid should have 
the same velocity as the object, the 
boundary condition is 'no-slip'. It is also 
possible to have a mixture of both. In our 
case, we use 'free-slip', which is already 
included in the incompressible Navier-
Stokes equations. How to start: Run the 
main.m in Matlab. Don't forget to switch 
to the current directory. In the main, you 
can change settings like: Grid resolution; 
Physical size of grid cells; Number of 
simulation steps; Passed time between 
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Lagrange or MacCormack's; Advection 
interpolation: nearest neighbor, linear, 
cubic, or spline; Dissipation; Scenario; 
Several visualization settings. Known 
Issues on this FEM Fluid simulation is that 
solution suffers from instability and fluid 
loss. The instability occurs when the fluid 
almost comes to rest and causes strange 
movement. The reasons are probably 
either numerical issues or bugs. The fluid 
loss is caused by inaccuracies of the FEM 
pressure solver and fundamental issues 
with high velocities in the advection. Both 
effects are due to instability that mostly 
results from using 'cubic' or 'spline' 
interpolation for the advection. The 'linear' 
causes almost no instability but slightly 
higher volume losses in the advection part.
 
 
Figure 5: Air flow lines (via CFD). 
 
 
Figure 6: Air flow T (via FEM). 
 
CONCLUSION 
CFD simulation has been successfully 
used to simulate external aerodynamics in 
various studies, ranging from aerofoils to 
whole aircraft modeling, for physically 
feasible range of Reynolds numbers 
including subsonic, transonic and 
supersonic cases. FEM solution has been 
successfully used to simulation rocket skin 
temperature variations. This simulation 
suffers from instability and fluid loss. 
Fluid loss is caused by inaccuracies of the 
FEM pressure solver and fundamental 
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